Introduction {#sec1-1}
============

Postmenopausal osteoporosis is a heterogeneous disorder characterized by the increased risk of fragility fractures due to deficiency of ovarian hormone, estrogen.\[[@ref1]\] The available treatments such as antiresorptive (raloxifene \[RAL\]) and anabolic (parathyroid hormone) are reported to cause adverse effects and no substantial increase in bone mass. This has led to opting for other approaches such as medicinal herbs.\[[@ref2]\] *Equisetum arvense* is reported to have highest silica content that helps in the absorption and utilization of calcium and synthesis and stabilization of collagen by prolyl hydroxylase enzyme.\[[@ref3]\] Recently, *E. arvense* has been shown to enhance the proliferation of osteoblasts and inhibit osteoclasts *in vitro*.\[[@ref4][@ref5]\] Calcium, Vitamin D, and zinc are the accepted baseline supplements available for osteoporosis, but considering the load of the disease, it looks insufficient. There are few reports on the role of micronutrients in bone related disorders, but very few reports on combination therapy.

The nutrients selected for this study (L-lysine, L-proline, L-arginine, and L-ascorbic acid) other than calcium, Vitamin D, and zinc, have been reported to increase bone mass through collagen synthesis by activating prolyl hydroxylase and stimulating osteoblast development.\[[@ref6]\] In addition, studies from our laboratory have shown that supplementation of basic bone mineralizing nutrients (L-lysine, L-proline, L-arginine, and L-ascorbic acid) along with calcium, Vitamin D, and zinc improved bone microarchitecture and serum biomarkers resulting in better bone health in ovariectomized female rats.\[[@ref7]\] We, therefore, hypothesized that *E. arvense* containing silica may further increase the efficacy of the anabolic nutrient mixture for the treatment of osteoporosis.

Materials and Methods {#sec1-2}
=====================
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### Chemicals {#sec3-1}

All solvents and chemicals used in the study were of analytical grade and purchased from local suppliers.

### Collection and Extraction of Plant Material {#sec3-2}

The whole plant of *E. arvense* was collected from Wainganga River at Bhandara District of Maharashtra, India and was identified and authenticated by University Department of Botany, RTM Nagpur University, Nagpur. Twenty grams of dried powder of aerial parts of *E. arvense* was extracted with 95% ethanol using a Soxhlet apparatus, was vacuum dried and weighed to determine its yield (14.17%).

### Animals {#sec3-3}

After receiving approval from the Institutional Animal Ethics Committee (414/81/AB/CPCSEA), 3-month-old female wistar rats weighing (160--200 g) were purchased from the National Institute of Nutrition, India and housed in a temperature-controlled room under 12-h-light/dark period in polypropylene cages (4 rats/cage). After an adaptive period of 2 weeks, 32 rats were ovariectomized through dorsal bilateral approach, and 8 rats were SHAM operated.\[[@ref8]\] The ovariectomized rats were randomly divided into four groups (8 rats/group):

Ovariectomy (OVX) and no supplementationRAL (OVX and RAL (5.4 mg/kg body weight), a standard drug for osteoporosis)N (OVX and nutrients such as calcium carbonate (104.16 mg/kg body weight), Vitamin D (100 IU), zinc sulfate (1.56 mg/kg body weight), L-lysine (93.75 mg/kg body weight), L-proline (46.85 mg/kg body weight), L-arginine (200 mg/kg body weight), and L-ascorbic acid (93.75 mg/kg body weight)N + EA (N + *E. arvense*~Et~ extract \[60 mg/kg body weight\]).\[[@ref9]\]

After 15 days of recovery period, SHAM and OVX group rats were fed with normal feed and other groups (RAL, N, and N + EA) with treatment mixed in feed for 3½ months.

### Bone Serum Biomarkers {#sec3-4}

At the end of the treatment period, final weights of the animals were recorded, and blood was withdrawn from orbital plexus into nonheparinized tubes. The animals were then sacrificed by CO~2~ asphyxiation. The serum parameters under study were: Calcium (OCPC kit), osteocalcin (Rat Gla-osteocalcin, Takara kit), alkaline phosphatase (ALP) (Innoline alkaline phosphatase kit), tartarate resistant acid phosphatase (TRAP),\[[@ref10]\] high density lipoprotein (HDL) cholesterol (polyethylene glycol precipitation method), cholesterol (cholesterol oxidase/PAP method), and triglycerides (glycerol-3-phosphate oxidase/PAP method). Low density lipoprotein (LDL) cholesterol was calculated from the lipid profile. The internal organs were grossly examined for any lesion. Femur bones were removed to 10% neutral buffered formalin. Femur bone volume (cm^3^) was measured by the gravimetric method of water displacement.\[[@ref11]\] To measure the bone mineral content, femur bones were dried in an oven (100°C) to constant bone weight and then ashed in a furnace (800°C). The percentage content (%) of calcium, phosphorus, and zinc was measured by inductively coupled plasma atomic emission spectroscopy.\[[@ref12]\] The length of bone was measured by Vernier calipers. For histological analysis, the femur bone from each group was decalcified in a solution containing 8% HCl and 8% Formic acid. It was then sectioned (5 µm) and stained with Ehrlich\'s hematoxylin and eosin.

### Statistical Analysis {#sec3-5}

Statistical analysis was done by AnalyseIt software (version 2.26), by Microsoft Partner, Silver Independent Software Vendor (ISV) for Windows Excel. The values given are mean ± standard error.

Results {#sec1-3}
=======

Effect of treatments on serum biomarkers, bone mineral content, and femur bone histology were studied \[[Table 1](#T1){ref-type="table"}\]. OVX group recorded a significant increase in percentage weight gain, femur bone length, ALP, TRAP, cholesterol, triglycerides, and LDL and a significant decrease in serum calcium, osteocalcin, HDL, and trabecular width when compared to SHAM group.

###### 

Effect of various treatments on percentage weight gain, femur bone physical parameters, bone mineral content, serum parameters, lipid profile, and histological analyses
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No significant change in percentage weight gain and femur bone volume was observed in all the groups. The weight of organs did not record significant differences in all treatment groups except N + EA group which recorded significantly low-liver weight compared to OVX group (data not given). Histological examination of the liver showed no abnormality.

N group also showed a significant increase in serum calcium, but N + EA recorded low serum level of calcium when compared to OVX group. Osteocalcin level after treatment with N and N + EA was found to be nearly as equal to as SHAM. Treatment with N and N + EA restored serum ALP and TRAP level when compared to OVX group. Furthermore, addition of *E. arvense* to N resulted in significant difference in cholesterol, HDL, and LDL and marginal or no change in triglycerides. A significant increase in trabecular width (*P* \< 0.05) was observed in N and N + EA groups as compared to OVX group. No significant change in cortical bone thickness was recorded in any groups. Sparse, disrupted, enlarged space, and diminished area of trabecular bone were found to be restored by treatments with N and N + EA as seen in histological examination \[[Figure 1](#F1){ref-type="fig"}\].
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Discussion {#sec1-4}
==========

This study was conducted to study the effect of *E. arvense* addition to the formulated mixture (N) on ovariectomized rats. OVX in rats leads to weight gain\[[@ref13]\] and increased bone length as a consequence of decreased chondroclast differentiation.\[[@ref14]\] OVX elicits increased bone turnover with increase in ALP and TRAP activity.\[[@ref15]\] Serum calcium level decreases due to increased calcium excretion and decreased absorption.\[[@ref16]\] Absence of estrogen during the menopausal period results in variations in lipid profile and predominant abdominal fat accumulation. This marks the onset of cardiovascular disease.\[[@ref17]\] Our results also are in agreement with the reported changes indicating successful induction of osteoporosis. Histological examination of femur bone showed sparse and thinned trabecular network and enlarged marrow cavity in the cortical region in OVX group as compared to normal architecture observed in SHAM group.

N showed anabolic effect on OVX induced changes in bone metabolism as reported by a previous study from our laboratory. Significantly increased serum calcium, trabecular bone thickness and significantly decreased ALP and TRAP activity, cholesterol, and LDL were recorded in N group. Treatment with N + EA inhibited the percentage weight gain as recorded in OVX group and brought down it to SHAM level. Silica is reported to enhance the bone mineralization by decreasing excretion of calcium, but addition of *E. arvense* could not bring about a significant change in calcium level. This might be due to the addition of arginine in the formulation of N as arginine and silica are reported to affect the mineral element composition of rat femur and vertebra,\[[@ref18]\] and same was observed in N + EA group probably due to the masking effect of the arginine on the action of the herb. Normal levels of ALP and TRAP enzymes in N + EA group indicate that the herb accelerated the mineralization of the organic matrix, thus increasing bone formation. Increase in cortical bone thickness and trabecular width in N + EA group and as observed in histological examination of N + EA group, it clearly indicates the bone mineralizing activity of the herb.

In comparison to the other parameters, N + EA did not show increased efficacy in restoring lipid profile when compared to RAL. RAL, being the standard drug for the treatment of postmenopausal osteoporosis is reported to show beneficial cardiovascular effects by lowering cholesterol level.\[[@ref19]\] Although no significant difference was observed in other parameters, result of histological analysis and significant increase in trabecular bone thickness shows that the treatment N + EA has better efficacy than RAL. When compared to RAL group, treatment with N + EA reversed the OVX induced changes and normalized the changes to SHAM level. In this study, the treatments were started immediately after OVX so, a significant change in the bone mineral content was not observed. Increase in the induction period might have resulted in significant change in the mineral content.

Conclusion {#sec1-5}
==========

It is proved that calcium, Vitamin D, zinc sulfate L-lysine, L-proline, L-arginine, and L-ascorbic acid (N) accelerate the mineralization of bone matrix and bone formation. The addition of ethanolic extract of *E. arvense* to the mixture N was beneficial for bone formation. Thus, it can be concluded that formulation of *E. arvense* and bone mineralizing nutrients helps in the prevention of osteoporosis and that N + EA was more effective in preventing osteoporotic bone loss when compared to RAL, the standard drug available for the treatment of osteoporosis. Further studies will be needed to assess the role of all the nutrients except arginine and *E. arvense* extract to determine the bone protective effects of the formulation.
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